Several studies have reported an association between GNβ3 C825T polymorphism and irritable bowel syndrome (IBS). However, the results remain inconclusive and controversial, particularly for the data derived from different ethnicities and IBS subtypes. Therefore, we performed an updated meta-analysis to evaluate this association. All eligible case-control studies that met the search criteria were retrieved from multiple databases, and eleven case-control studies were included for detailed evaluation. The pooled odds ratios (ORs) with 95% confidence intervals (95% CIs) were calculated to assess the strengths of the association between GNβ3 C825T polymorphism and susceptibility to IBS and its subtypes. Our meta-analysis found no significantly associations of GNβ3 C825T polymorphism with IBS risk in all populations. Whereas the C allele was demonstrated to be a decreased risk factor for constipation predominant IBS (IBS-C) in allele model. Additionally, the CC genotype was found to be associated with increased diarrhea predominant IBS (IBS-D) risk in recessive model. Subgroup analysis by ethnicity revealed that these associations held true for the Asian subpopulation. In conclusion, this meta-analysis suggests the C allele of GNβ3 C825T might be associated with a decreased risk of IBS-C, and the CC genotype of GNβ3 might be associated with increased IBS-D risk.
INTRODUCTION
Irritable bowel syndrome (IBS) is the most prevalent gastrointestinal disorder characterized by abdominal discomfort, pain, and altered defecation patterns; it may considerably reduce patients' quality of life and work productivity, which affects more than 7 percent of people all around the world [1, 2] . According to the recurrent symptoms, IBS patients can experience constipation (IBS-C), diarrhea (IBS-D), mixture of diarrhea and constipation IBS (IBS-M) and un-subtyped IBS [3, 4] . IBS is a multifactorial disorder that is associated with biological and psychosocial factors [5] [6] [7] . Although genetic predisposition has been demonstrated in classical family and twin studies, unequivocal susceptibility genes have yet to be identified [2, 8] . Recently, several genetic association studies identified the guanine nucleotide binding protein (G-protein) β3 subunit gene (GNβ3) C825T polymorphism as being significantly associated with IBS [9] [10] [11] [12] .
G-protein, consisting of an α, β, and γ subunit, is an intracellular second messenger signalling protein linked to a transmembrane receptor [13, 14] . The C825T polymorphism of GNβ3 (rs5443) is associated with
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alternative splicing of the gene and its protein activity, and an increased intracellular signal transduction compared with unmodified Gβ3 protein [15, 16] . This single nucleotide polymorphism (SNP) has been reported to be associated with depression [17] , Alzheimer's disease (AD) [18] , hypertension [19] , obesity [20] , Insulin-mediated venodilation [21] , Vasculogenic erectile dysfunction (VED) [22] , and functional dyspepsia [23] . Recently, the association between the GNβ3 C825T polymorphism and the risk of IBS has been intensively investigated. However, the community is still unable to reach a consensus, particularly regarding the data from different ethnicities and IBS subtypes [9] [10] [11] [12] [24] [25] [26] [27] [28] [29] [30] . To date, only one meta-analyses has reported on the relationship between GNβ3 C825T polymorphism and susceptibility to IBS [31] . However, that meta-analysis only included seven studies, and missed many published articles [27] [28] [29] [30] . Moreover, the previous meta-analysis did not analyze the association between GNβ3 C825T polymorphism and different IBS subtypes with respect to ethnicity. Therefore, we conducted an updated meta-analysis including all published studies accompanied with ethnic subgroup analyses and IBS subtype analyses to clarify whether GNβ3 C825T was associated with the development of IBS and its subtypes.
RESULTS

Characteristics of studies 26-9-11
As showed in Figure 1 , eleven studies involving 1,422 cases and 2,073 controls were ultimately included in the present meta-analysis, and eight of them [10, 12, 24, 25, [27] [28] [29] [30] specifically investigated the association between GNβ3 C825T polymorphism and different IBS subtypes (including the IBS-C, IBS-D and IBS-M) risk. The main characteristics of the included articles were summarized in Table 1 . All of these included articles were case-control studies, of which nine in a hospital-based design [10] [11] [12] [25] [26] [27] [28] [29] [30] , two in a population-based design [9, 24] . Among these studies, six were on Caucasians [9, 11, 24, 25, 27, 28] and the other five were on Asians [10, 12, 26, 29, 30] . Additionally, all of the included studies were of high quality, as indicated by the Newcastle-Ottawa scale (NOS) scores of each study being above 6 points, and the genotype distributions in all of the controls were consistent with Hardy-Weinberg equilibrium (HWE), except one [10] . Studies with controls not in HWE were also considered for the meta-analysis, but they were excluded in the sensitivity analysis.
Power analysis
Before implementation of this meta-analysis, statistical power was assessed with the assumptions:α err prob = 0.05, OR = 1.25 (corresponding to a "weak to moderate" gene effect) for the SNP, and minor allele frequencies(MAF) of GNβ3 C825T(rs5443, C/T) was estimated from the 1000 Genomes. The present samples indicated that 100% power to evaluate the association between this polymorphism and IBS. And the power to evaluate the associations between this polymorphism and IBS subtypes (IBS-C, IBS-D and IBS-M) were 88.1%, 98.3% and 93.9%, respectively. The power analysis indicated that these recruited samples could provide sufficient power in identifying the association between GNβ3 C825T(rs5443, C/T) polymorphism and IBS and its subtypes.
Quantitative synthesis
GNβ3 C825T and IBS risk
Overall, no significant association between GNβ3 C825T polymorphism and risk of IBS was observed under all genetic models (C vs. T, P = 0.194; CC vs. TT, P = 0.564; CT vs. TT, P = 0.594; CC + CT vs. TT, P = 0.430; CC vs. CT+TT, P = 0.462) (Figure 2 ). In the subgroup analyses by ethnicity, significant associations were not found in any genetic model for Asians and Caucasians. All the results are listed in Table 2 .
GNβ3 C825T and IBS-C risk
The C allele of GNβ3 C825T was found to be significantly associated with a decreased risk of IBS-C in allele model (C vs. T, OR = 0.788, 95% CI: 0.622-0.997, P = 0.048), while no evidence of significance was identified in other genetic models (CC vs. TT, P = 0.073; CT vs. TT, P = 0.140; CC+CT vs. TT, P = 0.056; CC vs. CT+TT, P = 0.292). In the subgroup analyses by ethnicity, the significant association was found among Asians under all genetic models (C vs. T, OR = 0.520, 95% CI: 0.329- Table 2 .
GNβ3 C825T and IBS-D risk
The CC genotype of GNβ3 C825T was found to be significantly associated with an increased risk of IBS-D in recessive model (CC vs. CT + TT, OR = 1.268, 95% CI: 1.000-1.608, P = 0.050), while no evidence of significance was identified in other genetic models (C vs. T, P = 0.089; CC vs. TT, P = 0.236; CT vs. TT, P = 0.345; CC + CT vs. TT, P = 0.980). In the subgroup analyses by ethnicity, the significant association was found among Asians under allele model (C vs. T, OR = 1.316, 95% CI: 1.019-1.700, P = 0.035) and recessive model (CC vs. CT+TT, OR = 1.688, 95% CI: 1.157-2.463, P = 0.007), while no evidence of significance was identified in other two genetic models ( Figure 4 ). However, there was no significant association between this polymorphism and IBS-D development in the Caucasian population under any genetic model. All the results are listed in Table 2 .
GNβ3 C825T and IBS-M risk
No significant association was found between GNβ3 C825T polymorphism and IBS-M in the overall population. In subgroup analysis, there was no significant association between this polymorphism and IBS-M development in the Caucasian and Asian population. All the results are listed in Table 2 .
Sensitivity analysis
Sensitivity analysis of the summary odds ratio coefficients on the relationship of the SNP and the risk of IBS is computed by omitting each study in turn. The corresponding pooled ORs were not significantly altered after excluding each eligible study at a time ( Figure 5 ).
Publication bias
No evidence of publication bias was detected regarding the ORs of the SNP in this study by either Begg's or Egger's test (Table 3) .
DISCUSSION
Recently, several genetic association studies identified a novel association between GNβ3 C825T 
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polymorphism and IBS. In Asia, Lee et al. [10] demonstrated that GNβ3 825T allele is associated with IBS in Koreans, especially among IBS with constipation. Likewise, Park et al. [12] found that the TT genotype of GNβ3 C825T is common in IBS-C while the CC genotype is common in IBS-D. In Europe, Markoutsaki T [11] found that TT genotype and T allele of GNβ3 are significantly associated with IBS predisposition in Greeks. Besides, in a Netherlands study CT genotype of GNβ3 showed significant association with IBS [9] . However, other studies [24] [25] [26] [27] [28] [29] [30] revealed that the GNβ3 C825T polymorphism may be not associated with the development of IBS or its subtypes. Generally, this disparity might be partly due to ethnic differences or to the limited numbers of subjects involved in the studies. To derive a more precise estimation of this association, we performed a meta-analysis to clarify the associations between the GNβ3 C825T mutation and the presence of IBS and its subtypes. Eleven casecontrol studies [9] [10] [11] [12] [24] [25] [26] [27] [28] [29] [30] with a total of 1,422 IBS patients and 2,073 healthy controls were included in our meta-analysis, which was sufficiently powered to detect IBS susceptibility associated with GNβ3 C825T gene polymorphism.
Figure 3: The associations of GNβ3 C825T with IBS-C in different genetic models. (A) Allele model (C vs. T). (B) Codominant model (CC vs. TT). (C) Codominant model (CT vs. TT). (D) Dominant model (CC + CT vs. TT). (E) Recessive model (CC vs. TT + CT).
In the present study, we used four models to estimate the relationship between GNB3 C825T polymorphism and IBS and its subtypes. The C allele of GNβ3 C825T was demonstrated to be significantly associated with a decreased risk of IBS-C in allele model. While the results of the recessive model supported CC genotype of GNβ3 could increase the risk of IBS-D. Additionally, subgroup analyses by ethnicity indicated that the SNP of GNβ3 C825T was only significantly associated with a decreased risk of IBS-C in Asian population, while the CC genotype was only associated with increased IBS-D risk in the Asian population. Besides that, neither the overall results with the whole population nor the subgroup analysis by Asian and Caucasian ethnicity indicated the associations between GNβ3 C825T polymorphism and the development of IBS and IBS-M. Obviously, our results are not consistent with some previous studies [9] [10] [11] [12] that GNβ3 C825T was associated with IBS. A possible explanation for this phenomenon is that the previous single studies of IBS had small samples size, and thus the significance of current work may not be justified; thus, further studies are needed to clarify the effects of this SNP on the development of IBS and its subtypes. In addition, the differential allele frequencies of the SNP exerted disproportionate levels of influence on the IBS risks in different populations. For example, the minor allele frequencies (MAF) of the SNP GNβ3 C825T (rs5443) is 0.50 in the East Asian population (EAS), whereas the MAF is 0.31 in the European population (EUR) and the MAF is 0.38 in the Ad Mixed American population (AMR) based on the data from the 1000 G. In accordance with our partial findings, a previous meta-analysis performed by Pan ZG et al. [31] found that no associations of GNB3 C825T polymorphism with IBS risk either in Asian population or Caucasian population. However, that previous meta-analysis based on seven studies still had some differences from our results, and suggested that no significant associations between GNβ3 C825T polymorphism and 3 IBS subtypes (IBS-C, IBS-D and IBS-M). The major reason of this discrepancy is that this previous meta-analysis did not include all the published articles and did not assess the association between this polymorphism and IBS subtypes with respect to ethnicity. In contrast, our meta-analysis included all the eleven relevant published studies with a larger sample size of cases and controls, which gave a greater statistical power to evaluate the association than the previous study. Additionally, our study included four studies in Asian group and four studies in Caucasian group to evaluate the association between GNβ3 C825T polymorphism and IBS subtypes, which gave a more detailed analysis to assay the association and showed a more reliable result.
To the best of our knowledge, this is the first metaanalysis to explore the relationships between GNβ3 C825T gene polymorphism and IBS and its subtypes with respect to ethnicity. The genotype distributions in all of the controls were consistent with HWE, except one for one study reported by Lee et al. [10] . However, the association was not significant change when excluded the study. The NOS results indicated that the included studies were credible. Moreover, sensitivity analysis did not significantly alter in overall and subgroup results under all genetic models. In addition, no evidence of publication bias was identified by either Begg's or Egger's tests. Taken together, the outcomes of our meta-analysis are relatively reliable and stable.
Nevertheless, there were some limitations in the current study. First, only articles in English and Chinese language were included; thus, studies written in other languages were neglected. Second, although we performed a systematic searching strategy to identify eligible studies, there was still probability that few studies so called "grey literatures" were not included. Third, due to the limited data, we did not carry out subgroup analysis to other factors, which may participate in the progression of IBS, such as age, infection, social psychology, and other living habits. Finally, IBS is a common gastrointestinal disorder in the human population; particularly in females (two thirds of patients are female). However, none of the original studies accounted for gene-gender interactions. Further studies are needed to clarify whether genderrelated differences affected the polymorphism of GNβ3 C825T and subsequent IBS.
In summary, this meta-analysis suggested that the C allele of GNβ3 C825T may be associated with a decreased risk of IBS-C, while the CC genotype of GNβ3 may be associated with increased IBS-D risk. However, due to the above-mentioned limitations, a well-designed largescale study that includes ethnicities, IBS subtypes and psychosocial factors is required to confirm the findings of the current meta-analysis.
MATERIALS AND METHODS
Search strategy and selection criteria
According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [32] , we searched the related literature of the electronic records of the PubMed, Embase, Science Direct, Chinese National Knowledge Infrastructure (CNKI) and WANFANG databases prior to April 2017. The search terms included the following key words: ("Irritable bowel syndrome" or "IBS") AND ("polymorphism" or "allele" or "gene" or "mutation" or "variant") AND ("G protein beta3" or "G protein β3" or "GNβ3"). Furthermore, the references of all retrieved articles were also checked by hand to identify additional potential studies. The languages were limited to English and Chinese. We inclusion all studies that (1) evaluated the association between GNβ3 polymorphism and the risk of IBS; (2) used a case control design; (3) provided sufficient data of allele and genotype frequencies of SNPs or required information could be calculated; and (4) if serial studies on the same population were published, only the most recent or the largest research study was included. Additionally, we excluded reviews, abstracts, and redundant and animal studies.
Data extraction
Two independent investigators extracted relevant data from all included studies on the basis of the inclusion criteria, and a third investigator verified them. The following information was extracted from all of enrolled studies: the surname of the first author, publication year, country of origin, ethnicity, sample size, genotyping method, and the GNβ3 genotype distributions and alleles in the case and control groups.
Quality assessment
The quality of included studies were assessed by two investigators independently on the basis of NewcastleOttawa Scale (NOS) [33] , which based on three aspects: selection, comparability and exposure. Studies with a score of 5 points or higher were considered to be of high quality.
Statistical analysis
The HWE of the genotype distributions in the controls of the include studies were tested by the Chi-square test, P < 0.05 was considered statistically significant. Studies with the controls not in HWE were subjected to a sensitivity analysis [34] . The power analysis was calculated by using the Power and Sample Size Program software [35] . The associations of the GNβ3 polymorphism with the risk of IBS was assessed by the pooled ORs with the corresponding 95% CIs under the following genetic models: allele model (C vs. T), codominant model (CC vs. TT and CT vs. TT), dominant model (CC + CT vs. TT), and recessive model (CC vs. CT + TT). The heterogeneity between studies was determined by the Cochrane's Q-statistic test [36] , and the inconsistency was quantified with the I 2 statistic. When I 2 > 50% or P Q ≤ 0.1, which suggest substantial heterogeneity, a random-effects model (DerSimonian-Laird method) [37] was used; otherwise, the fixed-effects model (MantelHaenszel method) [32] was applied. Sensitivity analysis was conducted by sequentially omitting each study to evaluate the stability of statistical results. Furthermore, Begg's funnel plot and Egger's test [38] was used to evaluate the potential publication bias (P < 0.05 was considered statistically significant). All analyses were conducted using the STATA 12.0 software packages.
